Background and Purpose-A recent study suggested that in patients with acute headache suspicious of nontraumatic subarachnoid hemorrhage (SAH), cerebrospinal fluid (CSF) analysis is not needed to rule out SAH if head CT performed Յ6 hours after ictus is negative. Before implementation in daily practice, these results need replication. Therefore, we investigated test characteristics of head CT in patients with a clinical suspicion of SAH. Methods-Patients suspicious of SAH and a normal level of consciousness presenting to our tertiary care hospital between 2005 and 2012 were included. All patients had a head CT interpreted by experienced neuroradiologists and CSF spectrophotometry if head CT was negative or inconclusive. We determined test characteristics with 95% confidence intervals (CI) for nontraumatic SAH of head CT performed Յ6 or Ͼ6 hours after onset of headache. Results-Sensitivity of head CT Յ6 hours after ictus (nϭ137) was 98.5% (95% CI, 92.1%-100%), diagnosing all patients with aneurysmal and perimesencephalic SAH, but not with a cervical arteriovenous malformation. Sensitivity of head CT performed Ͼ6 hours after ictus (nϭ113) was 90.0% (95% CI, 76.3-97.2). After exclusion of patients with an atypical presentation without headache, sensitivity, specificity, negative predictive value, and positive predictive value of head CT Յ6 hours were all 100%. Conclusions-In patients presenting with acute headache and a normal head CT Յ6 hours after ictus, as interpreted by experienced neuroradiologists, there is no added value of CSF analysis. In patients with an atypical presentation without headache and in patients presenting Ͼ6 hours after ictus, CSF analysis is still indicated. (Stroke. 2012;43:2115-2119.)
T he diagnosis of nontraumatic subarachnoid hemorrhage (SAH) can be challenging. One-third of patients with SAH present with headache as the only symptom. 1 Conversely, in patients presenting to general practice, sudden headache is caused by SAH in only 12% of patients. 2 Nevertheless, a diagnosis of aneurysmal SAH should never be missed, because early diagnosis and treatment of aneurysmal SAH are associated with better functional outcomes. 3 Common practice for diagnostic evaluation of patients suspected of having SAH is a head CT and a subsequent lumbar puncture for cerebrospinal fluid (CSF) analysis if head CT is negative or inconclusive. 4, 5 A recent study suggested that a lumbar puncture is not needed if a thirdgeneration head CT scan performed within 6 hours after headache onset and interpreted by a qualified radiologist excludes the presence of blood in the subarachnoid space. 6 Criticisms of that study are that not all patients received lumbar puncture after a negative head CT scan and data were not replicated in a separate data set.
The purpose of the present study was to determine the test characteristics of head CT scan performed Յ6 hours after ictus in a cohort of patients with a clinical suspicion of SAH. All patients with negative or inconclusive CT scan underwent a lumbar puncture. database included consecutive patients with confirmed SAH and the second included all patients receiving lumbar puncture with CSF spectrophotometry. Exclusion criteria were: (1) Glasgow Coma scale score Յ14; (2) referral from another hospital with a confirmed diagnosis of SAH; (3) unknown time of ictus; (4) focal deficits at presentation; (5) Ͼ14 days between ictus and diagnostic work-up; (6) age younger than 16 years; and (7) lumbar puncture in the month before presentation.
According to our institutional protocol, all patients with a clinical suspicion of SAH undergo a plain head CT scan as part of their diagnostic work-up. If the CT scan does not reveal a diagnosis, then a lumbar puncture is performed for CSF analysis at least 12 hours after ictus. Our institutional protocol did not change during the study period. All patients were scanned with a modern 16 to 256 slices per rotation multidetector row third-generation scanner with a slice thickness of 5 mm. All scans were interpreted by experienced neuroradiologists. The CSF was protected from (day)light in aluminum foil and centrifuged at 1500 rotations per minute during 10 minutes. The supernatant was stored at 4°C until analysis. The CSF was analyzed using visual inspection and absorption spectrophotometry for the presence of bilirubin. Spectrophotometry was performed with a Beckman DU 650 spectrophotometer (Beckman Coulter). The diagnosis of SAH was made if plain head CT scan showed blood in the subarachnoid space or if CSF spectrophotometry was positive for bilirubin, which was defined as an absorption level Ͼ0.05 at wavelength 458 nm. Data regarding time of ictus and time of head CT were extracted from electronic patient files.
We calculated sensitivity, specificity, positive likelihood ratio, negative likelihood ratio, positive predictive value, and negative predictive value of head CT scans for nontraumatic SAH with 95% confidence intervals. Test characteristics of head CT were determined in all patients and in subgroups of patients with head CT Յ6 hours and Ͼ6 hours after ictus. 
Results
During the study period, 1039 patients presented to our hospital with a clinical suspicion or diagnosis of SAH. A total of 789 patients were excluded, mainly because of a Glasgow Coma scale score of Յ14 on admission or initial presentation to another hospital, leaving 250 patients for further analysis (Figure 1 ). Baseline characteristics of included patients are shown in Table 1 . A head CT scan was performed within 6 hours after symptom onset in 137 patients (54.8%), which revealed a diagnosis in 68 patients (Figure 1 ). In the 69 patients with negative or inconclusive CT results, a lumbar puncture was performed that was positive for bilirubin in 1 patient. This patient presented with acute neck pain, nausea, and neck stiffness, but no headache, had an inconclusive CT scan, and finally had bleeding from a cervical arteriovenous malformation diagnosed. Head CT and digital subtraction angiography of this patient are shown in Figure 2 .
A head CT scan was performed Ͼ6 hours after ictus in 113 patients (45.2%), which revealed a diagnosis in 37 patients (Figure 1 ). In the 76 patients with a negative or inconclusive head CT, lumbar punctures were performed that were positive for bilirubin in 5 patients (aneurysmal SAH, nϭ4; thoracic arteriovenous malformation, nϭ1). The patients with aneurysmal SAH and negative or inconclusive head CT were scanned between 27 hours and 10 days after ictus. 
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The sensitivity of head CT for the entire study population was 95.4% (95% CI, 89.5-98.5; Table 2 ). In patients who underwent head CT within 6 hours after symptom onset, sensitivity was 98.5% (95% CI, 92.1-100). In patients scanned Ͼ6 hours after ictus, sensitivity was 90.0% (95% CI, 76.3-97.2; Table 2 ). The sensitivity, specificity, positive predictive value, and negative predictive value of head CT performed within 6 hours after ictus were all 100% when only patients with acute headache were analyzed (Table 3 ).
Discussion
Head CT is a very sensitive diagnostic test in patients with a clinical suspicion of nontraumatic SAH and a normal level of consciousness on admission. In patients who had CT imaging within 6 hours after onset of acute headache, a negative CT ruled out SAH. However, CT within 6 hours after symptom onset failed 1 patient with only neck pain who had an inconclusive CT; finally, bleeding from a cervical arteriovenous malformation was diagnosed.
Previous studies on test characteristics of head CT for SAH found sensitivities ranging between 90% and 100%. 4,8 -12 The discrepancy of most studies with our findings can be explained by longer cut-off points for time delay between onset of headache and imaging ranging from 12 to 24 hours after ictus, the use of first-or second-generation CT scanners, and the use of tests other than absorption spectrophotometry as a gold standard. The majority of these studies only calculated sensitivity but not specificity, negative predictive value, or positive predictive value, because only patients with a final diagnosis of SAH were included. 8 -10,12 Only 1 previous study investigated test characteristics of head CT scan for the diagnosis of SAH with 6 hours as a cut-off point, and the results of that study are in line with those of our study. 6 However, there are a few differences between the previous study and our study. The diagnosis of SAH can be difficult because not all patients with SAH present with acute headache; however, they may present with atypical features such as isolated neck pain, back pain, chest pain, or an acutely confused state. [13] [14] [15] [16] [17] [18] Therefore, we included all patients who had a diagnostic work-up for a clinical suspicion of SAH, including those with a less obvious clinical presentation without headache. Also, in our study all patients with a negative CT underwent lumbar puncture, which is, in our view, a better gold standard than the absence of rebleeding during follow-up, which was previously used in a substantial proportion of patients to rule out in retrospect the diagnosis of SAH. 6 The incidence of SAH was much higher in our study compared with the previous study. 6 This difference most likely results from a lower threshold in the previous study to give patients presenting with headache a diagnostic work-up of SAH. It is unlikely that the difference in the incidence of SAH influenced test characteristics.
Our results imply that in patients with a clinical suspicion of SAH presenting with acute headache and a negative head CT within 6 hours after ictus, there is no longer a need to perform a lumbar puncture for CSF analysis. However, in patients with an atypical presentation without headache and a negative or inconclusive head CT within 6 hours after ictus, a lumbar puncture is still needed because it may reveal the presence of bilirubin secondary to a hemorrhage from a spinal arteriovenous malformation. 16 The strength of our study is that all included patients with a normal head CT had a lumbar puncture for CSF analysis including absorption spectrophotometry. It is unlikely that we missed any patients with SAH because this method has 100% sensitivity for the diagnosis of SAH when it is performed between 12 hours and 2 weeks after ictus. 19 A limitation of our study might be the retrospective design. We were unable to retrieve the time of symptom onset in 30 patients, which might have resulted in selection bias. However, we know from daily practice that some patients simply do not remember the exact time of onset. Finally, our results cannot be extrapolated to low-volume centers with radiologists who are less experienced to diagnose SAH on head CT scans. Our study was conducted in a high-volume tertiary care hospital and head CT scans were interpreted by qualified neuroradiologists who routinely interpret head CT images.
Conclusions
In conclusion, we showed that in patients with acute headache and a normal level of consciousness, third-generation head CT performed within 6 hours after symptom onset is a perfect tool to diagnose SAH. There is no added value of CSF analysis for absorption spectrophotometry in this group of patients. However, a lumbar puncture for CSF analysis is still necessary to rule out SAH in a subgroup of patients presenting within 6 hours after ictus with an atypical presentation without sudden headache, and in all patients presenting Ͼ6 hours after symptom onset if head CT is negative or inconclusive. We emphasize that our results only can be extrapolated to high-volume tertiary care centers where head CT scans are interpreted by experienced neuroradiologists.
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